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,QWURGXFWLRQ
,W LVNQRZQWKDWFXUUHQW OHYHORIPDWHULDODQGHQHUJ\XVHRIFXUUHQWPDQXIDFWXULQJDFWLYLWLHVPXVWGHFOLQH WREH
DEOH WR VXIILFLHQWO\ PLWLJDWH FOLPDWH FKDQJH 7KH VKDUH RI LQGXVWULDO JUHHQKRXVH JDV *+* HPLVVLRQV LV
DSSUR[LPDWHO\  RI WRWDO *+* HPLVVLRQV 7KH *+* HPLVVLRQV IURP LQGXVWU\ RULJLQDWH PDLQO\ IURP PDWHULDO
SURFHVVLQJLHIURPWKHFRQYHUVLRQRIQDWXUDOUHVRXUFHVRUVFUDSLQWRPDWHULDOVVWRFNVZKLFKDUHWKHQFRQYHUWHGLQ
PDQXIDFWXULQJDQGFRQVWUXFWLRQDQGILQDOO\LQWRSURGXFWV)LVFKHGLFNHWDO,WLVHYLGHQWWKDWPLQLPL]LQJWKH
QHHGWRFRQYHUVHQDWXUDOUHVRXUFHVDQGVFUDSWRUDZPDWHULDOVLVDQHIILFLHQWPHDVXUHWRPLWLJDWH*+*HPLVVLRQV,Q
WKHFDVHRIPDQXIDFWXULQJLQGXVWU\WKLVFRXOGEHDFKLHYHGE\DGRSWLQJDFLUFXODUHFRQRP\PRGHO
7KH(XURSHDQ&RPPLVVLRQGHILQHVFLUFXODUHFRQRP\DVDQHFRQRP\ZKHUHWKHYDOXHRISURGXFWVPDWHULDOVDQG
UHVRXUFHVLVPDLQWDLQHGLQWKHHFRQRP\IRUDVORQJDVSRVVLEOHDQGWKHJHQHUDWLRQRIZDVWHLVPLQLPL]HG(XURSHDQ
&RPPLVVLRQ7KHDFWLRQVSODQQHGE\WKH(XURSHDQ&RPPLVLRQVWRSURPRWH&LUFXODU(FRQRP\LQFOXGHIRU
H[DPSOHWKHGHYHORSPHQWRISURGXFWUHTXLUHPHQWVUHOHYDQWWRWKHFLUFXODUHFRQRP\LQWKH(FRGHVLJQ'LUHFWLYHDQG
WKH (FRGHVLJQ ZRUNLQJ SODQ IRU  ZLOO IXUWKHU GHILQH RQ KRZ WKLV ZLOO EH LPSOHPHQWHG 7KH ZRUN RQ
(FRGHVLJQZLOODOVRLQFOXGHUHTXLUHPHQWVRQGXUDELOLW\DQGWKHDYDLODELOLW\RIUHSDLULQIRUPDWLRQDQGVSDUHSDUWVDV
ZHOO DV LQIRUPDWLRQ RQ GXUDELOLW\ LQ WKH IXWXUH (QHUJ\ ODEHOOLQJPHDVXUHV 7KH (8 LV DOVR VXSSRUWLQJ SURPLVLQJ
GHYHORSPHQWVLQWKHILHOGRIUHPDQXIDFWXULQJWURXJKLQQRYDWLRQILQDQFLQJSURJUDPPH+RUL]RQDQG&RKHVLRQ
3ROLF\IXQGV(XURSHDQ&RPPLVVLRQ
7KHGHILQLWLRQRIFLUFXODUHFRQRP\E\(OOHQ0DF$UWKXU)RXQGDWLRQFRQVLGHUVFRPSUHKHQVLYHO\WKHUROHRI
HFRQRPLF EHQHILWV VDPH WLPH ZLWK WKH HQYLURQPHQWDO EHQHILWV ³FLUFXODU HFRQRP\ LV RQH WKDW LV UHVWRUDWLYH DQG
UHJHQHUDWLYHE\GHVLJQDQGZKLFKDLPVWRNHHSSURGXFWVFRPSRQHQWVDQGPDWHULDOVDWWKHLUKLJKHVWXWLOLW\DQGYDOXH
DW DOO WLPHV GLVWLQJXLVKLQJ EHWZHHQ WHFKQLFDO DQG ELRORJLFDO F\FOHV´ 3URFHGXUHV WR DFKLHYH FLUFXODU HFRQRP\ LQ
WHFKQLFDO F\FOHVZKHQ ORRNLQJ DW WKH ILQLWHPDWHULDOV DUHPDLQWDLQLQJ UHSDLULQJ DQG VKDULQJSURGXFWV UHXVLQJ DQG
UHGLVWULEXWLQJSURGXFWVUHIXUELVKLQJDQGUHPDQXIDFWXULQJSURGXFWVDQGUHF\FOLQJ
3RZGHU EHG IXVLRQ 3%) DQG GLUHFW HQHUJ\ GHSRVLWLRQ '(' DUH DGGLWLYH PDQXIDFWXULQJ $0 PHWKRGV RI
PHWDOV,WKDVEHHQHVWLPDWHGWKDWDGGLWLYHPDQXIDFWXULQJZLOOEHDUHOHYDQWWHFKQRORJ\IRUFLUFXODUHFRQRP\(OOHQ
0DF$UWKXU)RXQGDWLRQ%RWK3%)DQG'('EDVHGWHFKQRORJLHVDUHGHYHORSLQJIDVWDQGVWXGLHVRQWKHHQHUJ\
DQGPDWHULDOFRQVXPSWLRQLQWKHPDQXIDFWXULQJSKDVHKDYHEHHQFRQGXFWHGDPRQJRWKHUVE\%DXPHUVHWDO
DQG.HOOHQV HW DO '('HQDEOHV UHSDLU UHIXUELVKPHQW DQG UHPDQXIDFWXULQJ SURFHGXUHV5HVSHFWLYHO\3%)
HQDEOHV PDLQO\ PDQXIDFWXULQJ RI UHSODFHPHQW FRPSRQHQWV RQ GHPDQG 7KHVH PHWDO $0 PHWKRGV FRXOG KDYH D
VLJQLILFDQWUROHLQHQDEOLQJFLUFXODUHFRQRP\
.HHSLQJLQPLQGWKHSUHVVXUHIURPERWKWKHHDUWKV\VWHPDQGWKHIXWXUHOHJLVODWLRQIURP(XURSHDQ8QLRQDQGDW
WKHVDPHUHFRJQL]LQJWKHHFRQRPLFDOSRVVLELOLWLHVRIFLUFXODUHFRQRP\WKHWLPHWRVWXG\WKHUHOHYDQFHRIGLIIHUHQW
PDQXIDFWXULQJPHWKRGVWRWKLVQHZHFRQRP\LVQRZ,QWKLVVWXG\DOLWHUDWXUHUHYLHZZDVGRQHWRLGHQWLI\WKHFXUUHQW
VWDWHRIDUWLQXWLOL]LQJ3%)DQG'('LQUHSDLUUHIXUELVKPHQWDQGUHPDQXIDFWXULQJSURFHVVHVRIPHWDOOLFSURGXFWV
%DVHG RQ WKH OLWHUDWXUH WKH DLP LV WR LGHQWLI\ WKH SRVVLELOLWLHV RI DGGLWLYH PDQXIDFWXULQJ RI PHWDOV LQ SURPRWLQJ
FLUFXODUHFRQRP\DQGWKHH[SHFWHGHQYLURQPHQWDOEHQHILWVRIWKHVHDSSOLFDWLRQV
5HVHDUFKDUHD
5HPDQXIDFWXULQJFDQEHGHILQHGDVDQLQGXVWULDOSURFHVVUHVWRULQJXVHGSURGXFWVWR³DVJRRGDVQHZ´FRQGLWLRQ
DQGWKLVGHILQLWLRQKDYHEHHQSUHYLRXVO\XVHGE\6WHLQKLOSHU	+XGHOPDLHUDQG%XW]HUHWDO,QVRPH
FDVHV UHPDQXIDFWXUHG SURGXFW FDQ DOVR EH VHHQ ³EHWWHU WKDQ QHZ´ IRU H[DPSOH LI WKH SURGXFW VRIWZDUH KDV EHHQ
XSGDWHG LQ WKH SURFHVV RU WKH IXQFWLRQDOLW\ LPSURYHG FRPSDUHG WR WKH RULJLQDO SURGXFW  DV GLVFXVVHG E\ (OOHQ
0DF$UWKXU)RXQGDWLRQ7KHPDLQVWHSVLQUHPDQXIDFWXULQJSURFHVVGHILQHGE\6WHLQKLOSHUDUHWKH
FRPSOHWH GLVDVVHPEOH RI WKH SURGXFW  WKRURXJK FOHDQLQJ RI DOO SDUWV  LQVSHFWLRQ DQG VRUWLQJ RI SDUWV 
UHFRQGLWLRQLQJRISDUWVDQGRUUHSOHQLVKPHQWE\QHZSDUWVSURGXFWDVVHPEO\FRPSOHWHGZLWKILQDOWHVWLQJ
7KHGHILQLWLRQRI UHIXUELVKPHQWKDYHEHHQGLVFXVVHGE\(OOHQ0DF$UWKXU)RXQGDWLRQ  ,Q UHIXUELVKPHQW
URFHVVWKHSURGXFWLVUHWXUQHGWRVDWLVIDFWRU\ZRUNLQJFRQGLWLRQE\UHSODFLQJRUUHSDLULQJPDMRUFRPSRQHQWVLIWKH\
PDOIXQFWLRQ RU DUH FORVH WR IDLOXUH $OVR VPDOO FKDQJHV WR WKH DSSHDUDQFH RI WKH SURGXFW DUH SRVVLEOH 7KH
SHUIRUPDQFHRIWKHSURGXFWFDQEH³DVJRRGDVQHZ´EXWDOVROHVVWKDQ³DVQHZ´7KHZDUUDQW\JLYHQWRWKHSURGXFW
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LVXVXDOO\OHVVWKDQIRUDQHZRUUHPDQXIDFWXUHGSURGXFWEXWLWXVXDOO\FRYHUVWKHZKROHSURGXFW$QRWKHUWHUPXVHG
WRGHVFULEHWKHVDPHDFWLYLW\DVUHIXUELVKPHQWLVUHFRQGLWLRQLQJ
.LQJ HW DO  GHILQH UHSDLULQJ DV D SURFHGXUH ZKHUH VSHFLILHG IDXOWV DUH FRUUHFWHG LQ D SURGXFW $OVR
JHQHUDOO\ WKH RYHUDOO FRQGLWLRQ RI WKH UHSDLUHG SURGXFWV LV OHVV WKDQ WKH UHPDQXIDFWXUHG DQG UHFRQGLWLRQHG
DOWHUQDWLYHV7KHZDUUDQW\RIUHSDLUHGSURGXFWVDUHXVXDOO\OHVVWKDQWKRVHRIQHZO\PDQXIDFWXUHGHTXLYDOHQWVDQG
DOVRLWLVSRVVLEOHWKDWWKHZDUUDQW\FRYHUVRQO\WKHUHSDLUHGFRPSRQHQWV
$OORIWKHVHSURFHGXUHVDLPLQJWRPDLQWDLQWKHYDOXHDQGWKHOLIHWLPHRIWKHSURGXFWKDYHGLIIHUHQWFKDUDFWHULVWLFV
ZKHQFRPSDUHGZLWKHDFKRWKHU.LQJHWDOFRPSDUHGUHSDLUUHIXUELVKPHQWUHPDQXIDFWXULQJDQGUHF\FOLQJ
WR GHWHUPLQH EHVW VWUDWHJ\ WR UHGXFH ZDVWH 7KH\ FRQFOXGHG WKDW IURP WKH HQYLURQPHQWDO SRLQW RI YLHZ DV WKH
UHSDLULQJ DQG UHFRQGLWLRQLQJ SURFHGXUHV DUH WKH EHVW RQHV VLQFH WKH\ UHTXLUH WKH OHDVW HQHUJ\ DQGPDWHULDO WR EH
DGGHGWRWKHSURFHVV+RZHYHUZKHQWDNLQJLQWRDFFRXQWWKHFRQVXPHUEHKDYLRUDQGWKHFXUUHQWFXOWXUHRIIDVKLRQ
REVROHVFHQFH.LQJ HW DO  VXJJHVW UHPDQXIDFWXULQJ DV WKH EHVW VWUDWHJ\ WRPLQLPL]H HQYLURQPHQWDO LPSDFWV
7KHZULWHUVRIWKLVVWXG\DFNQRZOHGJHWKDWDOOWKHVHSURFHGXUHVKDYHZHDNQHVVDQGVWUHQJWKVLQGLIIHUHQWSURGXFWLRQ
DQGXVDJHVFHQDULRV,QWKLVVWXG\WKHVHSURFHGXUHVDUHQRWFRPSDUHGZLWKHDFKRWKHU
3RZHU%HG)XVLRQ3%)DQG'LUHFW(QHUJ\'HSRVLWLRQ'('DUHDGGLWLYHPDQXIDFWXULQJWHFKQRORJLHVWKDWDUH
XVHG IRUPDQXIDFWXULQJPHWDO SDUWV RU VKDSHV7HUPDGGLWLYHPDQXIDFWXULQJ UHIHUV WRPDQXIDFWXULQJ WHFKQRORJLHV
ZKHUHSDUWVDUHPDQXIDFWXUHGE\MRLQLQJPDWHULDOW\SLFDOO\OD\HUXSRQOD\HUWRPDQXIDFWXUHREMHFWRUVKDSHIURP
'PRGHO,62:RKOHU3%)LVWHFKQRORJ\ZKHUHSRZGHUPDWHULDOLVPHOWHGOD\HUXSRQOD\HUE\ODVHU
RU HOHFWURQEHDP WRFUHDWH VKDSH'('SURFHVV LQ WXUQ UHOLHVRQG\QDPLFPDWHULDO IHHGLQJDQGPHOWLQJHQHUJ\ LQ
LQWURGXFHG W\SLFDOO\ LQ IRUP RI HOHFWULF DUF RU ODVHU EHDP0HWDO DGGLWLYHPDQXIDFWXUHG SDUWV RIWHQ QHHG DW OHDVW
PLQRUILQLVKLQJSURFHGXUHVDIWHUPDQXIDFWXULQJLDPDFKLQLQJJULQGLQJRUGLIIHUHQWWKHUPDOSURFHVVHV7KHSXUSRVH
RIWKHSRVWSURFHVVLQJLVWRUHILQHJHRPHWULFDODFFXUDF\LPSURYHVXUIDFHTXDOLW\DQGUHOLHYHUHVLGXDOVWUHVVHV
5HVHDUFKPHWKRGRORJ\
7KLV UHVHDUFK LV EDVHG RQ V\VWHPDWLF OLWHUDWXUH UHYLHZ7KH OLWHUDWXUH H[DPLQHG IRU WKLV VWXG\ZKHUH H[WUDFWHG
WURXJK:HERI6FLHQFHZKHQDFFHVVLEOH7KHXVHGZRUGVIRUWKHUHVHDUFKDQGVHDUFKORJLFZDV76 GLUHFWHQHUJ\
GHSRVLWLRQ 25 76 ODVHU FODGGLQJ 25 76 ODVHU PHWDO GHSRVLWLRQ 25 76 GLUHFW PHWDO GHSRVLWLRQ 25 76 ODVHU
GHSRVLWLRQZHOGLQJ2576 ODVHUDGGLWLYHPDQXIDFWXULQJ2576 SRZGHUEHGIXVLRQ2576 VHOHFWLYHODVHUVLQWHULQJ
25 76 VHOHFWLYH ODVHU PHOWLQJ $1' 76 UHSDLU 25 76 UHIXUELVKPHQW 25 76 UHFRQGLWLRQLQJ 25
76 UHPDQXIDFWXULQJ
7KHVHDUFKODQJXDJHZDVOLPLWHGWR(QJOLVKDQGWKHWLPHRISXEOLFDWLRQZDVVHWIURPWR7KHFKRVHQ
GRFXPHQWW\SHVZHUH³DUWLFOH´³UHYLHZ´DQG³PHHWLQJ´0HHWLQJFDWHJRU\LQFOXGHVFRQIHUHQFHSURFHHGLQJVZKLFK
ZHUH VHHQ LPSRUWDQW VRXUFH RI LQIRUPDWLRQ IRU VXFK DQ HPHUJLQJ WHFKQRORJ\ DV $0 DQG FRQFHSW DV FLUFXODU
HFRQRP\
7KHVHDUFKUHVXOWHGLQWRWDOUHFRUGV3XEOLFDWLRQVUHODWHGWRGLIIHUHQWILHOGVRIPHGLFLQHZHUHGHOLPLWHGIURP
WKHVFRSH$OVRUHIHUHQFHVIRFXVLQJRQO\WRWKHSURFHVVGHYHORSPHQWZHUHGHOLPLWHGIURPWKHVFRSH7KHHOLPLQDWLRQ
RISURFHVVHVGHYHORSPHQWUHODWHGVWXGLHVZDVGRQHLQPDQXDOVFUHHQLQJ$IWHUWKLVIXUWKHUUHILQLQJSXEOLFDWLRQV
ZHUHFKRVHQIRUWKLVVWXG\DQGFRXOGEHH[WUDFWHG7KHVHSXEOLFDWLRQVIRUPHGWKHEDVHRIWKLVUHVHDUFK7KH
SXEOLFDWLRQVE\\HDUDUHSUHVHQWHGLQ)LJXUH
7KHSXEOLFDWLRQVLQFOXGHGLQWKLVVWXG\KDYHEHHQSXEOLVKHGEHIRUH$SULO,WLVUHDVRQDEOHWRH[SHFWWKDWWKH
JURZLQJWUHQGRISXEOLFDWLRQVRQWKLVWRSLFZLOOFRQWLQXHLQ'XULQJWKHUHVHDUFKSURFHVVHVDOVRUHOHYDQWDUWLFOHV
UHIHUHQFHGE\WKHUHYLHZDUWLFOHVZHUHLQFOXGHGLQWKHZULWLQJSURFHVVHVDQGXVHGDVDVRXUFHRIGDWD
 
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5HVXOWV	'LVFXVVLRQ
7KHDLPRIWKLVVWXG\LVWRDVVHVVWKHFXUUHQWVWDWHRIDUWLQXWLOL]LQJERWK3%)DQG'('LQUHSDLUUHIXUELVKPHQW
DQG UHPDQXIDFWXULQJSURFHVVHVRIPHWDOOLF SURGXFWV7KH IRFXV LV HVSHFLDOO\ LQ LGHQWLI\LQJSRVVLELOLWLHVRI$0 LQ
SURPRWLRQRIFLUFXODUHFRQRP\DQGH[SHFWHGHQYLURQPHQWDOEHQHILWVEDVHGRQWKHIRXQGOLWHUDWXUH
7KH DVVHVVHG SXEOLFDWLRQV DUH IRFXVHG PDLQO\ LQ HYDOXDWLQJ WKH XVH RI D '(' WHFKQRORJ\ LQ VSHFLILF XVH
DSSOLFDWLRQRULQH[SHULPHQWDOVHWWLQJVLPXODWLQJDSRVVLEOHIXWXUHXVHDSSOLFDWLRQ7KHIRXQGOLWHUDWXUHDOVRLQFOXGHV
UHYLHZDUWLFOHVHLWKHU IRFXVHGRQ WKHGHYHORSPHQWDQGFXUUHQW VWDWHRIDVSHFLILF$0WHFKQRORJ\RU IRFXVHGRQD
FHUWDLQ LQGXVWU\DQGGLVFXVVLQJ WKHSRVVLELOLWLHVRI$0LQ WKLV ILHOG)RUH[DPSOH.DLHUOHHWDO GLVFXVV WKH
FXUUHQWVWDWHRIODVHUGHSRVLWLRQZHOGLQJDQG)O\QQHWDOWKHVWDWHRIDUWRIZRUNVWDWLRQVIRUK\EULGDGGLWLYH
DQGVXEWUDFWLYHSURFHVVHV)UDQ]HWDOVWXGLHGWKHSRVVLELOLWLHVRIODVHUPHWDOGHSRVLWLRQZHOGLQJLQWKHWRRO
DQGPRXOGPDNLQJLQGXVWU\DQG$QJULVKWKHSRVVLELOLWLHVRI$0LQDHURVSDFHDSSOLFDWLRQV
0RVWRIWKHSXEOLFDWLRQVRXWRIZHUHIRFXVHGLQ'('2XWRIWKUHHSXEOLFDWLRQVGLVFXVVLQJ3%)WZRZHUH
OLWHUDWXUHUHYLHZVOLVWHGDERYH+LQRMRVHWDOVWXGLHG WKHDSSOLFDELOLW\RIHOHFWURQEHDPPHOGLQJDFODVVRI
SRZGHUEHGIXVLRQWHFKQRORJ\LQQXFOHDUILVVLRQDSSOLFDWLRQV7KHIRFXVZDVPDLQO\LQSURGXFWLRQRIQHZSDUWVEXW
DOVRWKHSRVVLELOLW\WRXVHWKHWHFKQRORJ\IRUUHSDLUDSSOLFDWLRQVZKHUHPDWHULDOVRIGLVVLPLODUFRPSRVLWLRQDUHEXLOW
RQWKHGDPDJHGSDUWZDVGLVFXVVHG,WLVOLNHO\WKDW3%)FRXOGKDYHVLJQLILFDQWLPSDFWRQVSDUHSDUWORJLVWLFDQGLQ
WKDW ZD\ UHSDLU EXVLQHVV VR DQRWKHU VHDUFK ZDV GRQH ZLWK %RROHDQ HTXDWLRQ 76 SRZGHU EHG IXVLRQ 25
76 VHOHFWLYHODVHUVLQWHULQJ2576 VHOHFWLYHODVHUPHOWLQJ$1'76 VSDUHSDUW
7KHVHDUFKZDVFRQGXFWHGLQWKHVDPHGDWDEDVHDQGUHILQHGZLWKWKHVDPHDVVXPSWLRQVDVWKHILUVWLQLWLDOVHDUFK
URXQGDQGWZRUHOHYDQWSXEOLFDWLRQVZHUHIRXQG,QDVWXG\E\+RIIPDQHWDO3%)ZDVXVHGWRUHSURGXFHD
SDUW YLD UHYHUVH HQJLQHHULQJ WR WHVW WKH SURFHVV WR EH XVHG IRU UDUH SDUWV RQ GHPDQG DSSOLFDWLRQV ,Q D VWXG\ E\
1\DPHN\H HW DO  ODVHU DGGLWLYH PDQXIDFWXULQJ DQG &1& PDFKLQLQJ EDVHG VXSSO\ FKDLQ PRGHO ZHUH
FRPSDUHG7KHUHVXOWVLQGLFDWHWKDWWKHXVHRI$0RIIHUVSRVVLELOLWLHVWRUHGXFHGRZQWLPHLQVXSSO\RIVSDUHSDUWV
DQGUHGXFHSDUWLQYHQWRU\7KLVZDVDSUHOLPLQDU\VWXG\DQGWKHHQYLURQPHQWDOEHQHILWVRIWKH$0EDVHGVSDUHSDUW
VXSSO\FKDLQZHUHGLVFXVVHGEXWQRWYHULILHGE\FDOFXODWLRQV,WLVSRVVLEOHWKDWSXEOLFDWLRQVRQWKLVWRSLFFRXOGEH
IRXQGIURPRWKHUVRXUFHVQRWLQFOXGHGRQWKHGDWDEDVHRI:HERI6FLHQFHDQGZLWKGLIIHUHQWVHOHFWLRQRINH\ZRUGV
RWKHUSXEOLFDWLRQVFRXOGKDYHEHHQIRXQG1HYHUWKHOHVVLWLVFOHDUWKDWWKHUHDUHRQO\DIHZSXEOLVKHGFDVHVWXGLHV
HYDOXDWLQJWKHUHDOEHQHILWVRIXWLOL]LQJ3%)LQVSDUHSDUWORJLVWLFVXSSO\FKDLQV
 
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4.1. Identified repair, refurbishment and remanufacturing possibilities 
 
$VLJQLILFDQWSRWHQWLDORIXWLOL]LQJGLIIHUHQW'('EDVHG WHFKQRORJLHV LQ UHSDLUDSSOLFDWLRQVZDV LGHQWLILHG7KH
DGYDQWDJHV RI'(' EDVHG UHSDLU SURFHVVHV KDV EHHQ GLVFXVVHG LQ QXPEHU RI SXEOLFDWLRQV DQG WKH\ LQFOXGH KLJK
SUHFLVLRQ QDUURZ IXVLRQ ]RQHV DQGQDUURZKHDW DIIHFWHG ]RQHVZKLFK OHDG WR UHGXFHG SDUW GLVWRUWLRQ LQ HOHFWURQ
EHDPPHOWLQJZKHQ MRLQLQJSDUWV IURPGLIIHUHQWPDWHULDOVDV OLVWHGE\+LQRMRVHWDO .DLHUOHHWDO 
VWDWHWKDWZKHQWKHOLIHF\FOHRIWKHFRPSRQHQWLVLQFUHDVHGKLJKFRVWLQYHVWPHQWVIRUUHSODFHPHQWVWRROVDQGSDUWV
FDQEHDYRLGHG'('DOVRHQDEOHVWKHUHSDLURIZRUNLQWHQVLYHRUH[SHQVLYHSURGXFWVLQWKHFDVHRIRYHUPDFKLQHG
DUHDV
1XPEHU RI WKH SXEOLFDWLRQVZHUH IRFXVHG LQ HYDOXDWLQJ RU YHULI\LQJ WKH DSSOLFDELOLW\ RI'(' WHFKQRORJLHV LQ
GLIIHUHQWDSSOLFDWLRQVDQGVRPHRIWKHPDQGWKHLUDSSOLFDWLRQILHOGVDUHSUHVHQWHGLQ7DEOH3XEOLFDWLRQVZLWKWKH
VDPHIRFXVLQGXVWU\KDYHEHHQOLVWHGWRJHWKHU

7DEOH5HSDLUIRFXVHGSXEOLFDWLRQVZLWKWKHLUDSSOLFDWLRQLQGXVWULHV
3RVVLEOHDSSOLFDWLRQILHOGVLGHQWLILHGDQGHYDOXDWHGLQWKHVWXGLHV 3XEOLFDWLRQV
*DVWXUELQHKRWVHFWLRQ7XUELQHEODGHNQLIHHGJHV'HWHULRUDWHGVWHDPFLUFXLWSDUWV*DVWXUELQH
EODGHUHSDLU
$FKDU\D	'DV%L	*DVVHU
'tD]HWDO.LPHWDO

0RXOGUHSDLULQJSURFHVV'LHUHSDLUDSSOLFDWLRQV'LH5HSDLU5HSDLUDSSOLFDWLRQVLQWRROLQJ
LQGXVWU\
%RUUHJRHWDO.DWWLUHHWDO
/HXQGDHWDO/HVWDQHW
DO
5DLOVWHHO5HSDLULQJDQGHQKDQFLQJUDLOV &ODUHHWDO/HZLVHWD
5HFRQGLWLRQLQJRIFUDQNVKDIWV .RHKOHUHWDO
5HSDLURIFULWLFDOVWHHOFRPSRQHQWVLQDHURVSDFHLQGXVWU\5HIXUELVKPHQWDQGUHSDLURI
VWUXFWXUDOFRPSRQHQWVLQDHURVSDFHLQGXVWU\
/RXUHQoRHWDO5DMXHWDO


0DQ\ RI WKH OLVWHG DSSOLFDWLRQ ILHOGV DUH VXFK WKDW WKH FRPSRQHQWV KDYH VSHFLDO PDWHULDO SURSHUWLHV DQG
UHTXLUHPHQWVDQGFRPSOH[VWUXFWXUHVRUWKH\QHHGWRHQGXUHVHYHUHZRUNLQJFRQGLWLRQVRUERWK'XHWRWKHVHIDFWV
WKH FRPSRQHQWV DUH RIWHQ H[SHQVLYH DQGYLWDO WR WKHZKROH SURFHVVZKLFK WKH\ DUHSDUW RI DQG LW LV MXVWLILDEOH WR
H[DPLQHWKHSRVVLELOLW\RIUHSDLULQJWKHPLQVWHDGRIUHSODFLQJWKHPLQFDVHRIIDLOXUH$WWKHVDPHWLPHLWKDVWREH
NHSWLQPLQGWKDWWKHUHSDLUTXDOLW\VKRXOGEHWKHILUVWSULRULW\)RUH[DPSOHDFFRUGLQJWR:HQHWDOLQWKH
FDVH RI ORDG EHDULQJ SDUWV VXFK DV WXUELQH SDUWV DQG VKDIWV LQ SRZHU SODQWV WKH RYHUDOO SURSHUWLHV RI UHSDLUHG
FRPSRQHQWVVKRXOGEHHTXDOWRWKHEDVHPDWHULDOWRDVVXUHVHUYLFHSHUIRUPDQFHDQGOLIH
5HSDLU RU FRQGLWLRQLQJ RI SDUWV RI GLIIHUHQW W\SHV RI WXUELQHV RU RWKHU GHWHULRUDWHG VWHDP FLUFXLW SDUWV ZHUH
GLVFXVVHGDPRQJRWKHUVE\.LPHWDODQG$FKDU\D	'DV7KHFRQGLWLRQRIWKHWXUELQHSDUWVKDVD
VLJQLILFDQWHIIHFWRQWKHSURFHVVHIILFLHQF\DQGHVSHFLDOO\LPSRUWDQWDUHWXUELQHEODGHV,QPDQ\FDVHVWKHUHSDLURI
WXUELQHEODGHLVPRUHIHDVLEOH WKDQDQHZSDUW$FFRUGLQJWR'tD]HWDO '('KDVDGYDQWDJHVFRPSDUHGWR
FRQYHQWLRQDOZHOGLQJSURFHVVHVIRUH[DPSOHORZHUWKHUPDOVWUDLQVVPDOOHUKHDWDIIHFWHG]RQHVDQGGLOXWLRQEHWZHHQ
FRDWLQJDQGEDVHPDWHULDO
1XPEHURIDUWLFOHVGLVFXVVHGWKHXVHRI$0PHWKRGVLQPROGDQGGLHUHSDLU-KDYDUHWDO%RUUHJRHWDO
.DWWLUHHWDO-KDYDUHWDO VWDWH WKDW WKLVFDQEHYHU\H[SHFWHGGXH WR WKHNH\SRVLWLRQRI WKLV
LQGXVWU\LQPDVVSURGXFWLRQDQGWKHQDWXUHRIWKHLQGXVWU\GRZQWLPHPHDQVORVWSURILWDQGGXHWRWKHKLJKFRVWVRI
PROGDQGGLHVWKHTXLFNUHSDLULQJPHFKDQLVPLVQDWXUDOO\PRUHHFRQRPLFDOVROXWLRQWKHQDVWDQGE\V\VWHP/DVHU
HOHFWURQEHDPDQGPLFURZHOGLQJSURFHVVHVKDYHEHHQUHFRUGHGWREHWHFKQLFDOO\DQGHFRQRPLFDOO\IHDVLEOHLQPROG
DQG GLH UHSDLU EXW WKHUH LV VWLOO D QHHG RI IXUWKHU UHVHDUFK LQ WKH DSSURSULDWH UHSDLUPDWHULDO VHOHFWLRQ DQG UHSDLU
PHWKRGRORJ\
$OVRDUHFRJQL]HGDQGWHVWHGDSSOLFDWLRQILHOGIRU'('LVUDLOWUDFNUHSDLUDQGWKLVDSSOLFDWLRQKDYHEHHQVWXGLHG
DPRQJRWKHUE\&ODUHHWDODQG/HZLVHWD$FFRUGLQJWR/HZLVHWDOHVSHFLDOO\FRPSRQHQWV
VXFKDV VZLWFKHVDQGFURVVLQJVDUHSDUWLFXODUO\SURQH WRZHDUDQG WKHLUPDLQWHQDQFHFRVWVFDQEHHYHQ WLPHV
JUHDWHUWKDQWKRVHRIVWUDLJKWWUDFNSDUWVRQDSHUPHWHUEDVLV
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0DULQHGLHVHOHQJLQHFUDQNVKDIWVZHUHUHSDLUHGZLWK'('LQDVWXG\E\.RHKOHUHWDODQGWKHLQIOXHQFHRI
WKLVSURFHGXUHIXUWKHUHYDOXDWHGLQ.RHKOHUHWDO,WZDVFRQFOXGHGWKDWWKHFODGGLQJUHVXOWHGDGHFUHDVHLQ
IDWLJXHVWUHQJWK7KHUHLVDQHHGIRUIXUWKHUUHVHDUFKWRXQGHUVWDQGWKHIUDFWXUHPHFKDQLVPVRIWKHVHFRPSRQHQWV
/RXUHQoRHWDOVWXGLHGWKHIDWLJXHDQGIUDFWXUHEHKDYLRULQ'('RIXOWUDKLJKVWUHQJWKVWHHODSSOLFDEOHIRU
DHURVSDFHFRPSRQHQWV)LEHUODVHUWHFKQLTXHZLWKILOOHUZLUHDGGLWLRQDIRUPRI'('ZDVIRXQGSRWHQWLDOIRUUHSDLU
DQGUHPDQXIDFWXULQJLQDHURVSDFHDSSOLFDWLRQVE\=KDQJHWDO)RUDVXFFHVVIXO$0DLGHGUHSDLUDQGVHUYLFH
EXVLQHVVPRGHOV WKHPHWKRG WR DFTXLUH WKH GHVLJQPRGHOV LV FUXFLDO ,Q UHSDLU SURFHVVHV RIWHQ WKH RULJLQDO&$'
PRGHORIWKHGHVLJQVWDJHFDQ¶WEHXVHGIRUWKHUHSDLUSURFHVV,WPLJKWQRWEHVXLWDEOHIRUUHSDLULQJSURFHVVDQGDOVR
LWLVSRVVLEOHLWLVQRWDYDLODEOHDQGWKLVFRPSOLFDWHVWKHSUHFLVHUHSDLULQJRIFRPSOH[FRPSRQHQWV*DRHWDO
WHVWHG LQWHJUDWHG UHSDLU VROXWLRQ DGDSWLYH WR ZRUQ FRPSRQHQW JHRPHWU\ WR DHURVSDFH FRPSRQHQWV ZLWK SRVLWLYH
UHVXOWV
:LOVRQHWDO  OLVWDQXPEHURI UHDVRQVZK\'('WHFKQRORJLHVSURYLGHDSRVVLELOLW\IRUUHPDQXIDFWXULQJ
SUDFWLFHVQRWDYDLODEOHEHIRUHHVSHFLDOO\IRUDHURVSDFHDQGDXWRPRWLYHLQGXVWULHV7KHFXUUHQWVWDWHLQWKLVLQGXVWULHV
LV VXFK WKDWPDQ\ FRPSRQHQWV UHDFK WKH HQG RI WKHLU RSHUDWLRQDO OLIH WLPH SUHPDWXUHO\ EHFDXVH RI OLPLWDWLRQV LQ
RYHUKDXOLQJ WHFKQLTXHV7KLV LVGXH WR WKHIDFW WKDWJUHDWSDUWRIFRPSRQHQWV LQ WKHVH LQGXVWULHVDUHPDGHRIKLJK
VWUHQJWKDOOR\VZKLFKPDNHSRVVLEOH WKHQHHGHGJRRG WKHUPRPHFKDQLFDOSURSHUWLHV7KHVHPDWHULDOVQHHGVSHFLDO
WRROLQJDQGWKHLUPDQXIDFWXULQJSURFHVVHVDUHHQHUJ\LQWHQVLYH$OVRWKHUDZPDWHULDOFRVWVDUHKLJK6DPHLVVXHV
ZHUHUDLVHGDOVRE\:HQHWDOLQWKHFDVHRIWXUELQHSDUWVDQGVKDIWVLQSRZHUSODQWV
0RUURZHWDO FRQGXFWHGDVWXG\IRFXVHGRQ WKHHQYLURQPHQWDODVSHFWVRI ODVHUEDVHGDQGFRQYHQWLRQDO
WRRO DQGGLHPDQXIDFWXULQJ7KH VWXG\ FRQFOXGHG WKDW UHJDUGOHVV RI KRZ WKH WRROLQJ LV RULJLQDOO\ SURGXFHG'('
SUHVHQWSRVVLELOLWLHVIRUHQYLURQPHQWDOEHQHILWVLQUHSDLUDQGUHPDQXIDFWXULQJSURFHGXUHV
:LOVRQHWDOFRQGXFWHGDVXFFHVVIXOUHSDLURIGHIHFWLYHYRLGVLQWXUELQHDLUIRLOVEDVHGRQ'('DQGVWDWH
WKDW WKH VWXG\GHPRQVWUDWHV WKHDSSOLFDELOLW\RI'(' LQ UHPDQXIDFWXULQJ/XHWDO  VWXGLHG WKHPHFKDQLFDO
SURSHUWLHV RI GDPDJHG VWHHO SLSHOLQHV ZLWK WKH DLP WR SURYLGH UHIHUHQFH GDWD IRU WKH SODQQLQJ '(' EDVHG
UHPDQXIDFWXULQJDFWLYLWLHV;XHWDOLQYHVWLJDWHGWKHVHOHFWLRQRISURFHVVSDUDPHWHUVIRU'('WREHXVHGLQ
IXUWKHUVWXG\DLPLQJWRUHPDQXIDFWXUHURWDU\FXWWLQJGLHHTXLSPHQWSLVWRQKHDGDQGH[KDXVWYDOYHV
6WXGLHVE\*UDQW	7DEDNRIIDQG$QWRQ\	*RZDUGKDYHFRQFOXGHGWKDWLQPHWDOOLFFRPSRQHQWV
ZLWKKLJKDGGHGYDOXHWKHGDPDJHVRIWHQRFFXULQWKHIRUPRIFDYLWLHVDQGYRLGVLQWKHPDWHULDO7KHFRPSRQHQWFDQ
QRORQJHUEHXVHGZKHQWKHPDWHULDOKDYHGHJUDGHGXQGHUSHUPLWWHGOHYHORUWKHZKHQFRPSRQHQWVGRQRWQRORQJHU
FRPSO\ZLWK WKH VSHFLILHGGLPHQVLRQ:LOVRQHW DO GHVFULEH WKDW DIWHU VXFFHVVIXO UHPDQXIDFWXULQJSURFHVV
VXFK FRPSRQHQWV FDQ EH DV HIILFLHQW DV EHIRUH RU UHJDLQ HYHQ EHWWHU XVH SURSHUWLHV GXH WR LPSURYHG GHVLJQ RU
DGYDQFHGGHVLJQ3UHYLRXVVWXG\E\=KDQJHWDOGHPRQVWUDWHWKDWWKHUHKDYHQRWEHHQFRVWHIILFLHQWPHWKRGV
IRUUHPDQXIDFWXULQJEHIRUH:LOVRQHWDOGLVFXVVWKDW*7$:LVQRWFRPSDWLEOHZLWKDQXPEHURIDGYDQFHG
PDWHULDODQGWKHLUKLJKRSHUDWLQJWHPSHUDWXUHVDQGGRQRWUHVXOWLQDGHTXDWHFRPSRQHQWGHVLJQ
)O\QQ HW DO  GLVFXVV WKH FXUUHQW VWDWH RI WKH DUW DQG IXWXUH RI ZRUNVWDWLRQV IRU K\EULG DGGLWLYH DQG
VXEWUDFWLYH SURFHVVLQJ :+$63 DQG WKH UHOHYDQFH RI WKH WHFKQRORJ\ IRU HQDEOLQJ UHPDQXIDFWXULQJ SURFHVVHV
)O\QQHWDOVWDWHWKDW:+$63¶VDELOLW\WRZRUNLQVSHFWDQGWKHQUHZRUNPDWHULDOXQWLOWKHSDUWFRQIRUPVWR
WROHUDQFHVDQGVSHFLILFDWLRQVPD\UHVXOWLQFRQVLGHUDEOHFKDQJHVLQTXDOLW\PDQDJHPHQW)O\QQHWDOH[SHFW
WKDWLPSOHPHQWDWLRQRI:+$63VZLOOOHDGWRUHGXFWLRQVRIFRVWVUHODWHGWRIORRUVSDFHUHTXLUHPHQWVJHQHUDWLRQRI
VFUDSDQGUHVXOWLQJLQSRWHQWLDOO\LPSURYHGSURFHVVLQJWLPHV
 
4.2. Identified expected environmental benefits  
 
3XEOLFDWLRQE\0RUURZHWDO IRFXVRQ WKHHQYLURQPHQWDO LPSDFWVRI$0LQ WRRODQGGLHPDQXIDFWXULQJ
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PLOOLQJWR'('FDVHVWXG\%FRPSDUHGPLUURUIL[WXUHPDQXIDFWXULQJZLWK&1&PLOOLQJWR'('DQGFDVHVWXG\&
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